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ROCKET-MODEL INVESTIGATION TO DETERMINE THE
HINGE-MOMENT AND NORMAL-FORCE PROPERTIES OF A FULL-SPAN,
CONSTANT-CHORD, PARTTALLY BATANCED TRATLING-EDGE CONTROL
/ ON A 60° CLIPPED DELTA WING BETWEEN MACE -
NUMBERS OF 0.50 AND 1.26

By C. William Martz and John W. Goslee
SUMMARY

A free-flight investigation of a rocket-powered research model has
been conducted to determine the hinge-moment and normael-force character-
istics of a trailing-edge control on s delta wing between Mach numbers
of 0.50 and 1.26. The model consisted of a cylindrical body with ogival
nose and tail sections equipped with a cruciform arrangement of 60° swept-
back clipped delta wings. The wing panels in one plane featured full-
span, constant-chord, trailing-edge controls hinged at 40 percent control
chord.

Results indicate that the hinge-line locetion of 40 percent control
chord satisfactorily reduced the high hinge moments associated with plain-
flap-type controls. This reduction was accompanied by increased hinge-~
moment nonlinearity. No appreciable difference in lifting effectiveness
was noted between the control of the present test and the plain-flap-type
control.

The center of pressure of the control-deflection forces was located
at about 42 percent control chord at subsonic speeds and 51 percent con-
trol chord at supersonic speeds.

The center of pressure of the control-angle-of-attack forces had
subsonic and supersonic locations of about 35 and L4 percent control
chord, respectively.
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INTRODUCTION

The desirability of trailling-edge plain-flap-type controls is evi-
denced by their use in many present-day ailrcraft despite the fact that
in many cases the large hinge moments associated with this type of con-
trol at high speeds necessitate the use of a complicated control-boost
system. The adequate effectiveness characteristics of these controls
have been indicated in wind-tunnel.results (refs. 1 and 2) and free-
flight rocket tests (ref. 3). In an attempt to improve the hinge-moment
characteristics of this type of control, an investigation was conducted
through the use of a rocket-powered model incorporating 60° sweptback
clipped delta wings with full-span, constant-chord trailing-edge controls
hinged at 40 percent control chord. It was hoped that control overhang
balance would provide reduced control hinge moments without adverse
effects on control 1lifting effectiveness.

Control hinge moments were measured at various combinations of angle
of attack (from t4° at a Mach number of 1.26 to +16° at a Mach number
of 0.50) and control deflection (up.to +5°) at various Mach numbers
between 0.5 and 1.26. Hinge-moment coefficients were obtained for com-
binations of angle of attack and control deflection within the test
ranges by Interpolating the measured data. )

Lift-effectiveness data were also obtained for the entire model and
for the controls.

Results are presented herein and are compared with linear theory and
with other rocket-model data.

SYMBOLS

wing mean serodynemic chord, 1.492 ft

¢

Cq control-surface chord

S total wing area in one plane, 2.847 sq ft

Sa total exposed control area, sq ft

Mg moment area of one control surface rearward of hinge line about

the hinge line, 0.004828 cu £t

e
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_ 9
Chs—'a?'
oCh
Chu=-aT

moment area of one control surface sbout control leading
edge, cu £t

control-surface deflection at inboard end (trailing edge down,
positive), deg

angle of attack at model center of gravity, deg
Mach number
mass density of air, slugs/cu £t

free-stream velocity, ft/sec

dynamic pressure, pV2/2, 1b/sq Tt

air-viscosity coefficient, slugs/ft-sec

Reynolds number,

]
g

model normal acceleration, g units

acceleration of gravity, 32.2 ft/sec/sec

hinge moment of one control about hinge line, in-1b

H/12
control hinge-moment coefficient, ——
ZMaq_
H/12
control hinge-moment coefficient,
2M,'q
Normal force on model

total normal-force coefficient,

s
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C.P-g chordwise center-of-pressure location of control force due to
control deflection (measured from control leading edge)

c.p. chordwise center-of-pressure location of control force due to
@ angle of attack (measured from control leading edge)
acy '
“bs, ~ 36
a (o)
oCy’
C = —
Pog ~ o
oCy
Cy = ——
N~ o
oCyy
CN@ = —
do.
MODEL

The hinge-moment research model used in this investigaetion consisted
of a cylindrical body, with ogival nose and tail sections, equipped with
a cruciform arrangement of 60 sweptback clipped delta wings. A drawing
of the model showing overall dimensions is presented in figure 1 and
photographs of the model are shown in figure 2.

The magnesium-alloy wings had an NACA 65A007 airfoil section. The
wing panels in one plane featured full-spen, 10-percent (exposed root)
chord trailing-edge controls of modified double-wedge airfoll section.

The controls had a maximm ratio of thickness to chord of 0.0968 over the
inboard 80 percent control span. This ratio decreased to 0.0752 at the
wing tip. The controls were hinged at 40.0 percent control chord and were
of machined steel construction. No attempt was made to mass-balance the
control system. Details of the wing and control are shown in fdigure 3.

INSTRUMENTATTON

The model was equipped with an NACA telemetering system which trans-
mitted the normal, transverse, and longitudinal acceleration, the static
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and total pressure, the deflection angle and hinge moments of each con-
trol, the angle of attack, and the rate of pitch.

A control-position indicator and balances to measure control-hinge
moments were constructed as integral parts of a power unit which was
mounted in the rear part of the wing section of the model.

In eddition to this model instrumentation, a radiosonde recorded
atmospheric data at all flight altitudes shortly after the flight.
Flight-path data were obtained with a rader tracking unit and a CW Doppler
radar set was used to determine initisl flight velocities. Photographic
tracking was also employed to obtain visual records of the flight.

TECHNIQUE

The technique employed in this investigation consisted of mechani-
cally puising the controls as elevators throughout the flight so that
their deflection varied sinusoidally with time. The pulsing frequency
was varied from 3.8 cps at a Mach number of 1.28 to 1.2 cps at a Mach
number of 0.50 in an attempt to produce a nearly constant phase lag
between the model pitching response and the control input. The control
pulsing amplitude varied from 4O to +5° because of varying deflection
in the control linksge throughout the speed range.

In addition to the aforementioned pitching oscillgtions, the response
of the model involved small rolling and sideslip oscillations, the effects
of which are believed to be negligible upon the results. This technique
allowed the continuous measurement of hinge moments for each of two
"identical" controls at various combinations of control deflection and
engle of attack over the Mach number range of the investigation. Since
the two sets of data were found to agree within experimental accuracy,
the individual hinge-moment values were averaged for presentation.

A1l hinge-moment measurements were corrected for inertia effects of
the control and control linkage caused by the pulsing motion. Measured
values of control deflection were corrected for load deflection of the
control system out to the inboard end of the controls.

Although a method of correcting the control-deflection data for
control-surface twist was derived, it was decided that this correction
would not be applied to the data in order to allow a more direct compari-
son with data from other sources. However, the amplitude of this twist
correction is presented with a short discussion of the method in the
appendix.

-
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The test variation of Reynolds number with Mach number is presented
in figure 4. A1l date were obtained in decelerated flight (Og to -3.1g).

ACCURACY

The subsequent information has been tabulated to indicate possible
errors in basic measurements. These values are representative of the
maximum instrument error in evaluating isolated data. In computations
involving differences (such as slope evaluations), possible errors in
the component quantities can be considered to be sbout one-half as large
as those Indicated.

Quantity Error
Hinge moment, in-1b . . . . . . . . + ¢« ¢« ¢« ¢« ¢ ¢« « « . . . .. *F0.80
Control deflection, deg . . . . « v « v ¢« v v ¢« v &« v « « « « . *0.10
Angle of attack, deg . « &« ¢« ¢ ¢ 4 4 i 4 4 4 e e e e e e e .. TO.26
Normal acceleration, gunits . . . . . . . ... ... .... *0.h0

RESULTS AND DISCUSSION

Hinge Moments

Hinge moments (in coefficient form) are presented in figures 5 and 6
as functions of control deflection and angle of attack, respectively. As
a supplement to figures 5 and 6, simultaneous values of angle of attack,
control-surface deflection, and control hinge moment are presented in
table I.

Figure 5 shows data obtained at Mach numbers of 1.07 and 1.12 where
intermittent failure of the telemeter apparatus resulted in data recovery
only at the larger positive angles of attack. The data are presented,
therefore, as a function of control deflection. The solid-line curve
connecting the data points represents the measured hinge-moment data, and
the straight-line curves which connect end points of equal angle of attack
were constructed by assuming Ch6 to be constant with & at individual

angles of attack so as to obtain some indication of the separate effects
of o« and & on hinge moments. Since this method of straight-line
fairing could introduce errors at the higher angles of attack (because of
an increasse in hinge-moment nonlinearity), the results obtained from this
faliring should be considered mainly as trends.

s
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Hinge-moment data at other Mach numbers (fig. 6) were obtained more
fully in that information of complete cycles of angle of attack and
control-surface deflection was available. This information was obtained
by plotting Cp, as a function of control deflection, connecting points

of equal angle of attack with straight lines (as in fig. 5) and cross-
plotting the faired Cp intercepts at various deflections as a function

of angle of attack.

Hinge moments can be determined for all combinations of angle of
attack and control deflection within the data loops at each Mach number
by linear interpolation between the lines of constant control deflection.
Similarly, reasonable extrapolation yields values outside the data loops.

The hinge-moment parameter Cha is indicated by the slope of the

constant-deflection curves for various control deflections. Negative
values of Cp indicate the control to be statically stable with angle
e 1)

of attack (i.e., the center of pressure of the éngle-of-attack load on
the control is behind the hinge line), and positive slopes indicate the
control to be statically unstable (center of pressure ghead of the hinge
line).

The variation of C;, with o« 1is seen to be fairly linear up to

values of « of +3° or #4° at all Mach numbers and control deflections

presented. At those Mach numbers where the higher angle-of-sttack data

are available, Cp first decreases as o 1s increased (to about i8°)
o}

and then increases for values of o larger than +8°. These nonlineari-
ties result from small variations in control-center-of-pressure location,
the effect being magnified over the plain-flap case because of the rela-
tively high degree of aerodynamic balance obtained with the present test
control. Control deflection is seen to have little effect upon Cha

except between Mach numbers of 0.90 and 0.96 where the values are more
negative when o and & are of the same sign and are less negative when
o and B are of opposite sign. Some of these effects can be seen in
figure 7 which presents values of Cha as a function of Mach number for

control deflections of O° and 4° as obtained for values of o near zZero
and for the undeflected control as obtained over an angle-of-attack range
of +6°, These curves are seen to be almost constant at subsonic and

supersonic speeds with an abrupt shift (first positive and then negative)
as Mach number increases from 0.875 to 0.975. Values of ChtL are fairly

small over the Mach number range and, as stated before, are affected very
little by control deflection. Although increasing the range of o from
0° to 160 decreases the values of Ch, &bout 45 percent (data available

A




NACA RM L53IOL

at subsonic speeds only), the actual magnitude of this decrease is rather
small. Shown for comparison on figure 7 are data obtained from a missile
configuration employing TO° sweptback delta wings with constant-chord
trailing-edge controls hinged at 4 4 percent control chord (ref. 1). As
would be expected, these values are somewhat less negative than the pres-
ent test values (extrapolated) because of the more rearward hinge-line

location.

Concerning the effects of control deflection on hinge moments, the
reader can return to figure 6 where values of Ch5 can be determined at

various angles of attack by cross-plotting the intercepts of the constant-
control-deflection curves. The values of Ch6 are negative at all Mach

numbers, thus indicating that the control is statically stable with con-
trol deflection (i.e., the center of pressure of the control-deflection
loading is behind the hinge line). These values are presented in figure 8
as a function of Mach number for angles of attack of O° and *6°. The
curves are somewhat typical with relatively constant values up to the
transition region (0.85 <M < 1.0), where abrupt negative increases occur,
and with slowly decreasing negative values at supersonic speeds. Angle

of attack appears to have very little effect on Ch5 except in the tran-

sition region.

Although the supersonic values of Ch6 mey appear large at first

glance (on the order of -0.02 to -0.03), it should be remembered that

the hinge-moment coefficients were based upon the control-moment area
behind the hinge line and, when converted to hinge moments for comparison
with dats from unbalanced controls, would have an effective reduction of
about 65 percent. Also shown in figure 8 are values of Ch5 obtained

from reference 1 for a configuration previously described. Again, the
values are scamewhat less negative than the present test values (extra-
polated) as would be expected from the more rearward location of the

hinge line.

In an attempt to predict the hinge-moment characteristics (with
respect to both angle of attack and control deflection) of a control
similar to that of the present investigation for varlous hinge-line loca-
tions, hinge-moment coefficients (based on the moment area of the control
about the -control leading edge) were determined for the present test con-
figuration (extrapolated from M = 1.26 to M = 1.3) and for the config-
urations of references 1 to 3. These data are presented in figure 9 at
a Mach number of 1.3 as a function of chordwise hinge-line location. The
two sets of data are shown connected by straight lines. The slopes of
these lines are indicative of the control-normal-force characteristics
and the intersections of these lines with the zero abscissa yleld the
chordwise locations of the control centers of pressure. It should be
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pointed out that the straight-line fairing of these curves effectively
assumes that the lift-per-unit-control area produced on each control is
identical for all configurations. Since the validity of this assumption
is questionable in some cases, and because it was realized that the errors
Involved would have a larger effect on the slopes of these lines than on
the intersections with the zero abscissa, it was decided that this type
of analysis would be used in determining center-of-pressure locations
only. Thus, from curves similar to those of figure 9 which were obtained
with the combined dats of the present report and references 2 and 3,
center-of -pressure locations were determined for Mach numbers between

0.7 and 1.3 and are presented in figure 10 as a function of Mach number.

The control chordwise center of pressure due to control deflection
C.D.gy is seen to have two principal locations over the speed range: a

forward location of about hzé percent centrol chord for Mach numbers up

to 0.975 and s rearward location of gbout 51% percent control chord for

Mach numbers greater than 1.03, with a smooth transition between Mach
numbers of 0.975 and 1.03. This supersonic value of 51%-percent agrees

fairly well with values of 48 to 49 percent as predicted by linearized
theory for a similar control not having control cutouts (from rectangular
wing data of ref. 4). As would be expected, the control cutouts of the
present test and of reference 1 have shifted the control center of pres-
sure due to deflection rearward. i

The chordwise control center of pressure associated with angle of
attack c.p., also has two principal locations: 35 percent chord for

Mach numbers less than 0.95 and 4% percent chord for Mach numbers greaster
than 1.03, the 9-percent rearward shift in c.p., between Mach numbers

of 0.95 and 1.03 being smooth. The supersonic value of c.p., predicted

by linear theory for a similar control with no cutouts and with the con-
trol tip not clipped was determined from reference 5 to be 48 percent
control chord. Although this value would be decreased slightly for the
clipped tips and increased slightly by the cutouts, agreement with the
Wy -percent value of figure 10 is believed to be fairly good.

Normal Force

Figure 11 presents the variation of normal-force coefficient with
control deflection at various angles of attack for M = 1.26. These
results were obtained from measured normal accelerations of the model in
flight. The irregular curve represents the measured deta and the lines
of constant ‘angle of attack are linear curves faired between points of
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equal angle of attack on the irregular curve. The slopes of the constant-
engle-of -attack lines are equal to QNS and values of CNOL are obtained

by cross-plotting the Cy 1intercepts of the falred curves at any control

deflection. Since the faired curves are nearly parallel and equally
spaced, values of CN@ and CN6 are independent of angle of attack and

control deflection. These results are presented in figures 12 and 13(a)
as a function of Mach number. Other experimentsl results of CNd for a

similar model (ref. 6) are shown in figure 12 for camparison.

In order to compare directly the control-force characteristics of
the present test model with other experimental results, the normal-force

coefficient based on exposed control ares CN6 éi was calculated from
c

the present test results and for the configurations of reference 1 (pre-
viously described) and reference 3 which is a tailless airplene with

60° sweptback wings and trailing-edge controls of the constant-chord plain-
flap type. This information is presented in figure 13(b) and indicates
that no appreciable difference in 1ifting effectiveness exists between the
plain-flap control and the flap controls with overhang balance.

CONCLUSIONS

A free-flight Investigation of a rocket-powered research model has
been made to determine the hinge-moment and normal-force properties of a
full-span, constant-chord trailing-edge control (hinge line at 40 percent
control chord) on a 60° clipped delta wing between Mach numbers of 0.50
and 1.26. The following conclusions are presented:

1. Control hinge moments were relatively small throughout the speed
renge for all combinations of control deflection and angle of attack
tested.

2. The considerable amount of aerodynamic balance provided by rear-
ward location of the control hinge line was obtained at the expense of
increased hinge-moment nonlinearity.

3. The use of control overhang balance appeared to have no appreci-
able effect on control lifting effectiveness.

k. The center of pressure of the control-deflection loading had s
subsonic location of about hg% percent control chord and a supersonic

location of about 5L% percent control chord.
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5. The center of pressure of the control-angle-of-attack loading
wes located at about 35 percent control chord at subsonic speeds and at
about U4 percent control chord at supersonic speeds.

Langley Aeronautical Leboratory,
Netional Advisory Committee for Aeronautics,

Lengley Field, Va., August 21, 1953.
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APPENDTX

CONTROL TWIST CORRECTION

As previously stated 1n a previous section of the present report,
a method of correcting the control-deflection data for control-surface
twist has been derived. Experimental deta requirements for the applica-
tion of this method include a statlc-twist calibration of the control-
surface and serodynamic hinge-moment data as a function of uncorrected
(for twist) control deflection and angle of attack.

The method includes two basic assumptions: +that control bending
has a negligible effect on control twist and that the time rate of
twisting is low enough to negete twisting moments due to ilnertial forces.
Although the method does not require a simplified type of assumed span-
wise conbtrol loading, the assumption that the loads due to angle of
attack, control deflection, and out-of-trim were uniformly distributed
along the span simplified the method for use with the present test results
without introducing apprecilable errors.

The twist corrections for the present test results are indicated by
the equation

-1
s) ) :
Se _%E _|R _yo.10[1 - \/2.400 & + 0.0001555R2 - 0.02LOLR - 1.#00)
o) d8 |2 5}
Where
Be /0 twist correction factor,
Mean control deflection of twisted surface
Deflection at inboard end of control
BH/BS rate of change of hinge moment with deflection at inboard end
of control
+
R = u
5
H& control hinge moment resulting from angle of attack
Hy out-of-trim control hinge moment

AP
=



In order to illustrate the amplitude of this correction, values
of B /8 for the present test configuration were evaluated for standard

sea-level conditions and for zero out-of-trim hinge moment, the latter
condition allowing R (and, hence, 63/5)’ to be expressed as a function

of /6. These values are presented in figure 1% as a function of Mach
number for several values of /5.

The curves are seen to be similar with no appreciable control twist
indicated up to M = 0.9. As the Mach number increases fram 0.9 to 1.0,
the twist correction factor ebruptly decreases fram about 0.98 to 0.89,
the latter value indicating an ll-percent decrease in effective deflec-
tion due to control twist. For Mach numbers larger than 0.91L, the param-
eter «/5 plays an increasingly larger part in determining the amount of
control twist. At M = 1.3, the decrease in effective deflection varies
from sbout 8 to 16 percent at «/5 1s wvaried from -1 to 1.
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Figure l.- Plan view of test vehicle. All dlmensions are in inchee.
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L-72391.1
(a) Top view.

L-72%290,1

(b) side view.

Figure 2.- Photographs of test vehicle.
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Figure 2.- Concluded.
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Figure L4.- Varietion of Reynolds mumber with Mach number. Reynolds number
1s based on wing meen serodynamic chord.

OISST W VOVN



NACA RM 153104

T-.04

<10

.08 3 - \

.06

AT
G

<04 X

|~
L1
L

* Nz 2= %

0 : &/ : . '\\

) - \
) A ]

. /

«.06 \ \

\

-.10

k=112 \ inqu < ]
[] N I i

-.12

8, deg : 5, deg

-4 -2 0 2 4 -4 -2 o} 2 4

23

Figure 5.- Variation of hinge-moment coefficient with control-surface
deflection at various angles of attack for Mach numbers of 1.12 and

1.07.

Arrows indicate time sequence of recorded data.
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Figure 7.~ Varlation with Mach number of change in control-hinge-moment
coefficient with respect to angle of attack.
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Figure 8.- Variation with Mach number of change in control-hinge-moment
coefficient with respect to control deflection. '
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0.p.5

CeDog , CePej A
in percent ©g / /,—— £ CePeg

_ L/

%0 L
o7 8 o9 1.0 1,1 l.2 1.3 l.4

|
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Figure 13.- Variation with Mach nmumber of change in model normal-force
coefficlent with respect to control deflection.
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Standard sea-level conditlone.
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